Oxidant stress in malaria as probed by stable nitroxide radicals in erythrocytes infected with Plasmodium berghei. The effects of primaquine and chloroquine.
Erythrocytes from normal mice and mice infected with the malarial parasite Plasmodium berghei reduce the water-soluble spin probes 2,2,6,6-tetramethylpiperidine-4-hydroxy-N-oxyl (TEMPOL), 2,2,6,6-tetramethylpiperidine-N-oxyl (TEMPO) and 2,2,6,6-tetramethylpiperidine-4-keto-N-oxyl (TEMPONE) at similar rates under both air and N2 atmospheres. The ESR signal of the lipid-soluble spin probe 5-doxyl-stearate is stable on incorporation into erythrocytes from normal mice. In contrast, parasitized red cells reduce this nitroxide probe, at a rate which increases with the level of parasitemia. Inhibitors of electron transport such as KCN and NaN3, increase the rate of reduction. We propose that nitroxide reduction occurs via the electron transport chain in the parasite. The antimalarial drug primaquine causes reduction of both water-soluble and lipid-soluble spin probes. This action of primaquine is independent of its ability to release H2O2 from oxyhemoglobin, and is ascribed to the ability of primaquine to accelerate flux through the hexose monophosphate shunt. The increased production of NADPH results in increased rates of reduction of the nitroxide radicals. Methylene blue, which also increases flux through the shunt, is even more effective than primaquine at reducing the nitroxides. Chloroquine has no such effect. Parasitized mice treated with chloroquine six hours prior to ESR measurements show less nitroxide reducing capacity than do untreated mice. Chloroquine is known to decrease flux through the hexose monophosphate shunt. The metabolic influences of the two antimalarial drugs are, thus, quite different.